Electrovaya's Lithium Ion SuperPolymer® based battery is a cost-effective solution for long-range, ultrasafe zero-emission (battery electric) and low-emission (plug-in hybrid) vehicles. Optimized for transportation, Electrovaya has developed fully integrated power system solutions with large-format cells, large-format modules, and integrated an intelligent battery management system for safe and effective scale-up. Electrovaya's proprietary SuperPolymer® technology is independent of the composition of the positive electrode active material and so multiple chemistry solutions are available, including the MN-Series, a Lithiated Manganese Oxide based system, with up to 50% higher energy density and comparable safety characteristics to Electrovaya's Phosphate-Series solution.
INTRODUCTION
Electrovaya, particularly over the past year, has made great strides in its development of integrated battery systems for electric drive applications. These systems are designed at each stage -chemistry, cell, module, system with integrated intelligent electronics -for scale-up, safety, performance, and cost-effectiveness. This paper details several of Electrovaya's advancements and experience with plug-in hybrid electric vehicles and full battery electric vehicles. For further details and up-to-date testing results please do not hesitate to contact Electrovaya directly.
INTEGRATED SYSTEM APPROACH
Electrovaya's philosophy is holistic to the entire battery system. In other words, Electrovaya approaches the design of its battery systems for electric drive application with the whole system in mind.
In fact, every element (mechanical, thermal, electrochemical, electrical, electronic) is optimized at every stage (chemistry choice, cell design, module design, system design, electronics design). The optimization parameters demand scale-up, performance, safety, and cost competitiveness.
As a result, Electrovaya's battery systems are uniquely optimized for electric drive applications.
System Level 0: Platform Independence Multiple Chemistry Options
Electrovaya's polymer battery is a platform, independent of electrode materials. Hence, Electrovaya can incorporate the advances in material and electrode chemistry as they appear. This protects its technology from being a "transitional" solution. Electrovaya has nearly 180 patents issued and pending globally, including about 30 in the US. The technology has won many awards from NASA, Frost & Sullivan and others, while Deloitte has listed Electrovaya as one of the fastest growing companies in North America.
BALANCED ENERGY-POWER CELL OPTIMIZATION AVAILABLE
Lithium batteries have typically been optimized for either (1) consumer electronics, which demand high-energy density and low-rate discharge; or (2) hybrid vehicles, which demand high-rate discharges. For electric drive applications neither of the first optimization, high-energy/low-power or the second, high-power/low-energy optimization is optimal.
Electrovaya is pleased to offer a balanced energy/ power optimization. This provides both the superior energy density and high rate battery solution required for plug-in hybrids or full electric vehicles. 
System Level 4: Thermal Optimization
Thermal characteristics of large lithium ion battery packs have been a major problem area for system designers and integrators, with respect to their cycle life, energy density, and performance. Active thermal control through the use of liquid or air-cooling is ubiquitous. Cylindrical cells are especially prone to failure due to its difficult thermal characteristics and poor heat removal from inside the cell. This has been a major technical challenge to cylindrical cell technology and one of the reasons why the cells cannot be scaled up to larger sizes as required by the vehicle community.
Electrovaya's prismatic cells are designed similar to a plate and frame heat exchanger and all or most of the heat produced can be efficiently removed through the terminals. This design effectively means that Electrovaya can produce cells from 3Ah to 100Ah or even 200Ah.
JIT AVAILABILITY
Electrovaya has its main manufacturing base in North America. Additional plants will shortly be online across Europe and Asia. Plants are planned for South America. Electrovaya is able to support is partners with just-in-time (JIT) production for cells, modules, or complete systems.
PLUG-IN HYBRID ELECTRIC VEHICLE EXPERIENCE

Figure 1: Ford Escape PHEV, delivered to the state of New York in August 2007
Electrovaya is a cofounder of the Plug-In Hybrid Consortium
Electrovaya recently delivered its first Ford Escape plug-in hybrid (Figure 1 ). Since the Electrovaya cells are more efficient volumetrically than the phosphate cells, the energy capacity of the battery was doubled to nearly 15kWh. This provided a capability of this SUV to reach 130 miles per gallon.
BATTERY ELECTRIC VEHICLE EXPERIENCE
This (Figure 2 ) electric vehicle used the Smart car chassis, where the space available for a battery was very small. Electrovaya managed to install nearly The market for a courier delivery van (Figure 3 ) is large and an excellent early user for zero emission electric vehicles. The delivery vans are used in urban settings and are in a frequent stop-go mode. The typical range for these vehicles is about 120km (70 miles).
Electrovaya has designed a modular system, where the energy necessary can be matched with the modules. Initially this delivery van will have about 110kWh of energy to provide proof of concept. In actual production, it is expected that a 60kWh pack will be able to meet the range and power requirements for this class of vehicles. The electric motor operates at a nominal 600Volts and Unicell and Arvin Meritor are the designers of the vehicle and chassis, respectively. Electrovaya is involved in a number of demonstration projects for off-road vehicles (Figure 4 ). Here again, the drivers are lower maintenance, clean transportation, zero emission, as well as quiet in mode of operation.
The Maya-100 has up to 300km range with highway speeds (Figure 5 ). This was one of the first full electric SUVs built by Electrovaya using a chassis manufactured by CAMI, a vehicle producer in Ontario, Canada. This Electrovaya is supplying modular battery packs for the NEV market and is working with some suppliers. This NEV, or low-speed vehicle market, is a niche market in North America and Europe and may be a good transportation segment for early adopters to zero emission vehicles.
The typical NEV battery pack from Electrovaya is a 10kWh pack with a standalone battery management system and an integrated charger. NEV integrators can take the Electrovaya power system and integrate in a "plug and play" mode ( Figure 6 ).
